To test the effectiveness of a middle school, multimedia health sciences educational program called HEADS UP in non-Asianminority (Hispanic and African American), inner-city students. The program designers hope to increase the number of these students entering the health sciences pipeline. The program includes video rolemodel stories featuring minority scientists and students, hands-on activities, and teacher resources.
Method
From 2004 to 2007, the authors used a quasi-experimental, two-group pretest/ posttest design to assess program effects on students' performance and interest in science, their science self-efficacy, their fear of science, and their science-related careers self-efficacy. An independent third party matched the intervention school to a comparison school by test scores, school demographics, and student demographics and then matched pairs of sixth-grade students (N ϭ 428) by fifth-grade science scores, gender, ethnicity, and participation in the free or reduced lunch program. The authors collected data on these students for three years.
Results
At eighth grade (2007), the intervention school students scored significantly higher (F ϭ 12.38, P Ͻ .001) on the Stanford Achievement Test 10 in science and reported higher interest in science (F ϭ 11.08, P Ͻ .001) than their matched, comparison-school pairs. Students in neither group reported an increase in their confidence to choose a science-related career, but students in one high-implementing teacher's class reported decreased fear of science.
Conclusions
HEADS UP shows potential for improving inner-city, non-Asian-minority middle school students' performance and interest in science. Acad Med. 2009; 84:803-811.
CollegesintheUnitedStatesareno longer graduating enough students with science majors to meet the demand for scientists who can assume leadership roles in the science professions. 1 This deficit begins in early elementary school and continues through high school. In 2005, only 29% of fourth-and eighthgrade students and only 18% of 12thgrade students performed at or above the proficient level on the National Assessment of Educational Progress science test, and U.S. science scores had improved very little since 1996. Compared with students in Asian and European countries, U.S. students continue to rank poorly, with non-Asian minority students (i.e., Hispanic and African American students-hereafter referred to simply as non-Asian-minority students in this report) lagging even further behind in performance when compared with white and Asian students. 1 Therefore, an urgent need exists in the United States to improve science instruction and achievement in K-12 education and, even more importantly, to address the instructional deficiencies in science curricula in innercity public schools, which educate a majority of non-Asian-minority students. 2 With the impending shortfall in the medical workforce, especially among minorities, 3 the need to improve science instruction in K-12 education, at the beginning of the pipeline, is urgent.
Many minority youth lack ethnicity-and race-congruent role models, including teachers, to encourage and inspire their interest in science. In academic year 2003-2004, 18% of students in the United States were Hispanic; however, only 6% of K-12 teachers were Hispanic. 4 In Texas, the discrepancy between student and K-12 teacher ethnicity is even more striking. In 2004, 44% of Texas students were Hispanic, yet only 19% of Texas teachers were Hispanic. 5 In college, non-Asian-minority students are underrepresented in science, technology, engineering, and math (STEM) courses, and, when they do enroll in STEM courses, they are more likely to drop out of school or change majors. 6 From 1997 to 2001, only 8% of science PhDs from 35 top institutions were African American, Hispanic, or Native American, providing a small pool for minority role models in faculty positions at the university level. 7 To improve students', especially non-Asian-minority students', interest and competence in science, the current instructional environment needs to change so that more students enter the pipeline to health science careers. Many researchers strongly believe that the middle school grades may be the last chance for effectively intervening to correct students' misperceptions about science and their deficiencies in preparation for continuing in a science career. 8 Research has shown that students who enjoy science and are successful at the middle school level are more likely to choose and be successful in science courses at the high school level, 9 and eighth-grade students who expect to work in sciencerelated careers are more likely to graduate from college with science degrees. 10
HEADS UP Science Teaching Modules
We designed a state-of-the-art multimedia science program for middle school students called HEADS UP (Health Education And Discovering Science While Unlocking Potential) to enhance minority students' competency and interest in science courses at the middle school level. HEADS UP comprises topical educational modules delivered via video by minority science experts. The ultimate goal is to increase the number of students in the pipeline for health careers and leadership roles in the sciences. With funding from the National Institutes of Health, we were able to implement HEADS UP and to assess the effects of the program at eighth grade for a cohort of inner-city middle school students from low socioeconomic, non-Asian-minority homes.
Investigators at The University of Texas (UT) Health Science Center at Houston
School of Public Health (Houston, Texas) designed a series of educational science modules called HEADS UP to improve students' performance, interest, and confidence in their ability to perform well in science, to decrease their fear of science, to enhance their confidence in their ability to pursue science-related careers, and to support teachers in planning and delivering quality instruction. We enlisted scientific experts from across The UT Health Science Center, master teachers from the Spring Branch Independent School District (Houston, Texas), and health educators from the Health Museum in Houston to participate in developing the modules. This team determined the program goals, performance objectives, and learning objectives through an "intervention mapping process," 11, 12 which is a system used to facilitate collaboration between researchers and practitioners in using theory, empirical evidence, and experience to develop program materials.
The intervention mapping process creates complex tables with the axes of the table being performance objectives and theoretical determinants for the change needed to meet these objectives.
For HEADS UP, the overall program goal is increased performance, as measured by higher scores on the Stanford Achievement Test 10 (SAT 10, a national standardized test commonly taken by middle school students) and increased interest in science (i.e., having students say, "I can do that"), manifested as interest in science, confidence in ability to perform well in science, reduced fear of science, and confidence in ability to pursue sciencerelated careers/occupations. Teachers and science curriculum specialists identified specific state science standards 13 as performance objectives for students to meet as a result of using the program. In particular, teachers identified standards not adequately covered in an existing science curriculum, and we developed four modules to fulfill those standards:
• Genes, Health, & You, which covered genetics,
• Diabetes/Cardiovascular Disease, which covered how systems work together,
• Nutrition/Physical Activity, which also covered the interaction of systems, and
• The Nervous System, which covered how systems work individually.
The modules integrate information about the history of science and the processes of science. The team also identified performance objectives for teachers regarding program use and professional development. Some example objectives include teachers (1) will schedule time to use HEADS UP in their class, (2) will acquire appropriate materials and equipment needed to teach HEADS UP, and (3) will attend training in order to teach HEADS UP.
Included in the intervention tables were theoretical determinants for change needed to meet the objectives from behavioral health science research about how learners process and acquire information, including attitudes, outcome expectancies, skills, perceived norms, and self-efficacy, defined as a belief in "one's capabilities to organize and execute the courses of action required to produce given attainments." 14 The collaborators then designed the materials to positively affect the learning objectives described in each cell of the mapping tables through information transmission, modeling, guided practice, skills training, reinforcement, and social support. For example, video stories in the HEADS UP modules provide vicarious learning experiences designed to increase self-efficacy through vignettes modeling support from families and peers for expressing an interest in science.
In the Diabetes/Cardiovascular Disease module, Hispanic role models present information because diabetes and cardiovascular disease are especially prevalent in the Hispanic population. 15 The Genes, Health, & You module incorporates a story about a student who learns from her aunt, who is a geneticist, of the role genetics plays in their family's predisposition to diabetes. The Nervous System module includes a story line about a student who suffers a concussion from a skateboard accident. In the story, the student's friends question health care providers about the causes and consequences of their friend's concussion, and the health care providers explain how a concussion affects the functioning of the nervous system. Thus, videos in the nervous system module encourage students to ask questions of experts by modeling the reward of respectful and enthusiastic answers from such experts. Classroom activities, such as Levels of Organization, Build a Karyotype, the Heart Rate Labs, and the Diabetes Brochure provide guided practice and skills training. The Diabetes Brochure activity, in particular, provides an opportunity for students to share health knowledge with their parents and grandparents. These active learning activities enhance learning and motivation and may result in higher science achievement 16 and higher retention. 17 Wherever possible, the modules present material graphically because graphics facilitate effective encoding of information. 18 Some graphics are images of the structure and function of the brain, the heart, the pancreas, and DNA; others are animations of the circulatory, digestive, and nervous systems, and still others show heart, eye, and brain dissections.
This design process was iterative, with review and feedback from teachers, science curriculum specialists, health experts, and media specialists that resulted in revisions. The final HEADS UP science modules consist of • videos on DVD or VHS cassette tapes;
• overheads;
• simply written teacher information sheets for each topic designed to enhance teachers' professional development and self-efficacy;
• timelines and classroom activity descriptions, which provide sufficient information (time required, standards alignment, materials needed) for easy implementation;
• graphics and assessment tools, which teachers can format and adapt; and
• Web-based resources.
Videos are linked to standards, are short (ranging from 4 to 25 minutes), incorporate graphics, and include content information in a story format with modeling by students and scientists. Video career stories of these scientists, many of whom are minorities and several of whom are women, are one of the most important features of HEADS UP. Feedback from teachers during the iterative process confirmed that their students saw themselves reflected in the videos-both in the students featured in the story lines as well as in the scientists featured in the career stories-helping students to identify with scientists from families like their own and to conclude, "I can do that!"
During the iterative process, teachers suggested that we develop classroom activities to complement the videos, so we hired teachers as consultants to create the activities. Master teachers designed activities that they and other teachers could easily use in the classroom and that would fit into existing campus/district curricula. These activities met TEKS standards and considered different student capability levels. The classroom activities developed vary for the modules, but they may include worksheets, handson exercises requiring simple supplies, individual and group participation activities, case studies, and problem-based learning cases. To increase use, we designed HEADS UP to make the content appealing to teachers and easy for them to use. A key feature of HEADS UP, governed by our philosophy that the teacher is the expert in teaching and can most effectively manage classroom time and need, dictated that activities are choices on a menu from which teachers can pick and choose. Teacher feedback has confirmed that this feature enhances their interest in the program and their use of the materials.
Method

Teacher training
In the first year of the study ( 
Evaluation goals and design
For this study, we wanted to determine the effect of the HEADS UP modules on non-Asian-minority students' performance in science, interest in science, confidence in their ability to perform well in science, fear of science, and confidence in their ability to pursue science-related professions. We used a quasi-experimental, two-group, pretest/ posttest design to assess program effects.
To facilitate the achievement of baseline equivalence between the students in the intervention program and those in a comparison group, an external evaluator adopted two levels of baseline matching. First, the evaluator selected a school targeted for the intervention as well as a comparison school, both from one innercity school district. The schools had similar institutional and community demographics and academic performance levels (Table 1) . Second, for each participating student from the intervention program school, the evaluator selected a matched student from the comparison school. The evaluator matched the students based on low socioeconomic status as indicated by participation in the free/reduced lunch program, ethnicity, gender, and fifthgrade SAT 10 science scores. We excluded Asian minority students from the analysis because they are not underrepresented in science professions. We followed this one cohort of matched pairs from sixth to eighth grade (2004 -2007) .
Both middle schools were located in a large U.S. southwestern inner-city school district with district-wide enrollment in excess of 200,000 students. At the time of the study, the school targeted for the intervention program had approximately 1,100 students, of whom 88% were Hispanic, 11% were African American, and 1% were of other ethnic origins (whom we excluded from this study). The comparison school had approximately 1,200 students, of whom 96% were Hispanic, 2% were African American, and 2% were of other ethnic origins. Throughout the study period, both schools maintained a 48% male and 52% female student body. All available sixth-through eighth-grade students participated in baseline assessments for validation of measurement instruments.
We used a matched-pairs design for comparison in this study because randomized assignment of students to the intervention and comparison groups was not feasible and would have presented problems of internal validity. Most inner-city public schools have only a few science teachers, and those teachers concurrently teach all students in one or more grade levels. Therefore, the most realistic way to implement the initiative and, subsequently, to obtain the most valid data, was to place all of the sixthgrade students in the targeted middle school into the intervention group and to select another matched school from which to draw a comparison group of students. This design provided an adequate measure of careful control.
For each HEADS UP intervention student, we selected a matched pair from the comparison school's pool of eligible students; the paired student had the same or similar socioeconomic status, ethnicity, gender, and science scores. By adhering to this selection process, we substantively eliminated intergroup baseline differences in order to enable the two groups to achieve the equivalence that random assignment of participants seeks to achieve in experimental studies. We also minimized the effect of lost-tofollow-up through the matched-pairs design. By using a matched-pairs design, the baseline free/reduced lunch status, ethnicity, gender, and performance levels remain the same even if the sample size declines. In effect, the demographic composition of the HEADS UP cohort and that of the comparison cohort always remained the same, regardless of changes in the size of the matched sample, thereby ensuring that the posttest reflected a true comparison.
Measures and analysis
The main outcome measure for performance in science was the end-ofyear science scores on the SAT 10 that the school district provided to a third-party evaluator. We included reading scores in the analysis to assess differential effects. We designed the HEADS UP program modules to impact science scores, with few elements expected to impact reading scores. We included math scores on the SAT 10, and because some elements of the HEADS UP curriculum are related to math, an impact on math scores is possible. The SAT 10 in science is designed to be aligned to both state and national standards 19 and, therefore, is an appropriate measurement tool for a program designed with performance objectives for students to meet state and national science standards.
A third-party evaluator administered two survey instruments, adapted from the Student Science Questionnaire 20 and the Student Occupational Questionnaire, 21 to the students during science class to assess changes in student attitudes toward science and science careers. These measures test the learning objectives developed through the intervention mapping process: attitudes about or interest in science, outcome expectancies or fear of science, and self-efficacy in science and self-efficacy for sciencerelated careers. The third-party evaluator administered both survey instruments at the beginning of the first year (fall 2004) of the intervention and at the end of the third year (late spring 2007) to all students in the cohort grade, whether or not they were included in the matched pairs. Further, this evaluator administered these two survey instruments to all sixth, seventh, and eighth graders in the participating schools during the first year of the intervention to determine internal validity. A factor analysis on data collected at baseline (Student Science Questionnaire) from a sample of 1,968 sixth-through eighth-grade students in participating schools 22 confirmed the following three domains: (1) level of interest in science (Cronbach ␣ ϭ .82),
science-related confidence (Cronbach ␣ ϭ .70), and (3) fear of science (Cronbach ␣ ϭ .71). For each student in the matched-pair cohort analysis, we calculated the mean scores of the three domain areas and used these scores in an analysis of covariance model, with the first-year scores serving as covariates.
We assessed student perceptions of their self-efficacy for science-related careers through the Student Occupational Questionnaire, a measure that demonstrated adequate validity and reliability in a sample of Italian schoolchildren of similar age 21 and adequate internal validity (Cronbach ␣ ϭ .84 for science-related occupations) in the full baseline sample for this study. We selected 10 questions regarding sciencerelated occupations from the 68-item instrument. With each item rated on a Likert-like scale of 1 (very unsure) to 6 (very sure), we used the average of the sum of 10 scores from each student in the matched pairs to calculate the changes in self-efficacy for science occupations during the three-year period. The statistical package we used was SPSS-16.0 (Chicago, IL).
Implementation of the modules
Interviews and surveys (a set of openended questions requiring teachers to write which elements they integrated into their curriculum and one close-ended question requiring them to estimate the degree of integration, followed by faceto-face, semistructured interviews) revealed that the sixth-, seventh-, and eighth-grade teachers integrated a moderate amount of content (50%-60%) from the four HEADS UP modules into their instructional activities during the three years of the evaluation (2004 -2007) .
The modules, designed as a multielement, supplementary resource that can be easily and flexibly integrated into the existing curriculum to add interest for the students, are not meant to replace a major portion of the science curriculum. Ideally, teachers will use the modules as units based on the suggested timeline and retain the structure as suggested. However, the realities of sixththrough eighth-grade science instruction in inner-city schools may keep this ideal use from occurring, which should not devalue the merits of the impact assessment.
Subgroup analysis
As a proxy for a dose-response analysis, we conducted a subgroup analysis of students in one eighth-grade science classroom whose teacher was a high implementer of the modules, using 75%
Minority Issues to 90% of their content. On the basis of feedback from the principal, other teachers, and students, we did not consider this teacher to be exceptional. In fact, the HEADS UP team encouraged her to use the modules during the last year of the evaluation because both the principal and the teacher agreed that she was struggling with her class. We identified this teacher's students and compared them with their respective matched-pair peers from the comparison school.
Human participants
The UT Health Science Center institutional review board approved the study protocol, and we implemented it as a component of Project GRAD (Graduation Really Achieves Dreams), as approved by the participating school district. Access to the school data was limited to the third-party evaluator, who removed all personal identifiers and linked pre-and posttest scores by a unique study identification number. We have presented all analyses and reports in the aggregate to protect students' privacy.
Results
Participation
Of the intervention school's 314 sixthgrade students, 300 students provided baseline data (i.e., fifth-grade scores in science), which we included in the assessment of program effects. Of the comparison school's 342 sixth-grade students, 314 provided baseline scores, and we included only these students with pretest or baseline science scores in our study. In addition, participation in the assessment of program effects required that the students from both the intervention and comparison school provide posttest scores and be on grade level (eighth grade) in 2006 -2007. Consequently, we included 214 students from the intervention group in the thirdyear, posttest analysis. Of those 214 students, 199 provided both the posttest data and scores on the other two survey instruments assessing attitudes toward science and science-related careers. For the final sample, 45.8% of the participants in the intervention group were girls, 54.2% were boys, 94% were Hispanic, and 6% were African American. Attrition analysis revealed no significant differences in SAT 10 scores or questionnaires between students lost to follow-up and those retained in the sample.
Performance in science
An analysis of covariance between the HEADS UP students and the comparison group showed that the intervention program students significantly outperformed their comparison peers in science on the SAT 10 (F ϭ 12.38; P ϭ .001), with a program effect size of 0.23 ( Table 2 ). The HEADS UP students' ranking improved from the 50th percentile to the 59th in science, a nine-percentilepoint gain, while the ranking of the comparison students remained at the 50th percentile on both the pre-and posttests. The performance levels between the HEADS UP intervention students and the comparison students in reading and math were not statistically significant, and we would not expect a significant effect on reading because the program is not designed to impact reading performance. Some elements of the program might have impacted performance in math.
Student attitudes toward science and science careers
The posttest gain in interest in science by the HEADS UP group was statistically significant relative to the scores of their matched comparison peers (F ϭ 11.08, P Ͻ .001), with a moderate effect size of 0.32. The posttest measures of selfconfidence of the HEADS UP students in their ability to do well in science and their fear of science were not statistically significant ( Table 3 ). Both the HEADS UP intervention students and the matched comparison students experienced slight but similar declines in their self-efficacy to pursue sciencerelated careers during the three-year period. Fifteen pairs were lost to followup on measures assessing attitudes because of absences in the comparison school on the day the Student Science Questionnaire was administered.
Subgroup analysis
We identified 31 matched pairs for the subgroup analysis of the achievement test scores, with 29 pairs for the surveys. Students in the classroom of the highimplementing teacher scored higher on the SAT 10 in science, with a 0.41 effect size (16 percentile points higher than the comparison group's 50th percentile level) and achieved significantly higher scores in math (0.70 effect size, 26 percentile points higher than the comparison group's 50th percentile level; Table 4 ). Although one cannot directly associate the improvement in math scores of program students with the use of HEADS UP modules, one can indirectly link intervention program students' increased performance in math to their increased performance in science because science teachers usually encourage their students to take their math classes seriously if they intend to pursue college science programs or science careers. In effect, an increase in their performance levels in math may possibly be a by-product of their improved performance in science and interest in pursuing science careers. Intervention program students from the high-implementing teacher's classroom reported higher interest in science (0.72 effect size) and decreased fear of science (0.43 effect size; Table  5 ). Intervention program students in this subgroup did not report significantly higher confidence in their ability to do well in science. Although these intervention students reported an increase in self-efficacy for sciencerelated occupations compared with their matched comparisons (F ϭ 3.82. P ϭ .055), these effects are suggestive but inconclusive. 
Discussion and Conclusions
HEADS UP resulted from a partnership among an academic health science center, a school district, and a health museum and focused on enhancing teacher resources to engage minority students in science, thus potentially increasing the numbers of students entering the pipeline for careers in health care and leadership roles in the sciences. Our results show that the HEADS UP intervention program improved non-Asian-minority students' interest in science and performance in science on a national achievement test. In addition, the subgroup analysis showed that when a teacher implemented more elements of the intervention program, students scored even higher, they became more interested in science, their test scores were higher, and they had less fear of science. Others who have studied effective instructional programming have seen this same effect: the higher the quality and level of implementation, the greater the impact on students. 23, 24 The increase in interest in science among these primarily Hispanic and African American eighth-grade students is important for the health science professions because this increased interest may augment their chances of graduating from college with a science degree and entering the pipeline to science careers. 10 The lack of a significant impact on selfefficacy for science or self-efficacy for science-related careers/occupations may be due to limitations in instrumentation, limitations in power, or limitations in intervention design or dosage. The marginal internal consistency of the selfefficacy for science subscale (␣ ϭ .70) raises concern about this measure because of the narrow range of the Likert-like scale (0 -6) or the content of the items. Moreover, the decline for both groups in self-efficacy for science may relate to the phenomenon discussed by Bandura 25 in which individuals initially have unrealistically high and not firmly established self-efficacy and then experience failures or complications in their performance that undermine their sense of efficacy. Thus, the intervention may have lacked sufficient mastery experiences to improve science self-efficacy, which have been found useful by others in intervening with middle school students. 22 28 We believe the HEADS UP science program shows promise for reducing the achievement gap between white and non- Asian-minority students by presenting minority health scientists as experts and role models. In addition, the HEADS UP program addresses instructional deficiencies in inner-city schools by providing teachers with cutting-edge scientific content and resources prepared by health science experts. We chose a multimedia curriculum design combining graphics, role-model stories, and hands-on activities that stress critical thinking and problem solving in order to appeal to middle school students. The modules are designed as a supplementary resource, meet state and national education standards, and can be easily and flexibly integrated into the existing curriculum to add interest for the students and professional development for teachers. We also believe the collaboration among teachers, curriculum specialists, media experts, and health scientists was a key factor in the success achieved in developing resources to engage these middle school students and foster their achievement in science.
HEADS UP is an innovative method for translating research findings into the community through middle school science curricula. The HEADS UP program modules translate key research concepts on health issues such as diabetes, cardiovascular disease, and head injuries to teachers in the education community, to students, and, through interaction with their children, to parents in the community at large. 29 In addition, the increased interest the students gain from the modules may ultimately lead to more non-Asian-minority students entering the academic pipeline to careers in the health sciences.
Design, implementation, and attrition somewhat limited this study, but a carefully matched comparison cohort study and the participation of one highimplementing teacher strengthened it. Budget constraints prohibited a rigorous group-randomized trial design that would have ideally required 16 to 20 schools willing to be randomized to experimental or control conditions. 30 The carefully controlled matched-cohort design with a stage-one matching of schools based on factors related to academic performance in a primarily minority, non-Asian inner-city district, and a stage-two matching of students between intervention and comparison schools provided the most rigorous design within budget constraints. In addition, because the analysis was not an en-masse or entire grade-level assessment between the HEADS UP intervention and comparison students, the attrition rate should not have had any substantive effect on the integrity of the impact assessment. If the study had been an enmasse assessment, then discussing the internal compositional changes within the two groups between the first and the third years would have been necessary. The limitation of moderate implementation of the HEADS UP intervention was also assessed through the subgroup analysis of students in the classroom of the high-implementing teacher. This study is an excellent example of an efficacy study in the challenging, real-world setting of an inner-city minority school district.
In summary, the HEADS UP program has, in an inner-city minority school, shown potential to improve minority students' performance in science and interest in science. What is needed next is a larger sample of participating schools and teachers and a uniformly high implementation rate by teachers to validate the findings of this study and to substantively demonstrate the efficacy and effectiveness of HEADS UP-type programs.
